China is among the countries with the largest epidemic of drug susceptible and resistant tuberculosis globally. We investigated the locations tuberculosis patients visited before being diagnosed, total diagnostic delay, and risk factors associated with total delay from a large tuberculosis referral hospital in Nanjing, China. We conducted a retrospective cohort study among tuberculosis patients who initiated anti-tuberculosis treatment within 3 months prior to the study date. Patient information regarding time and locations visited while seeking care for tuberculosis-related symptoms was collected through face-to-face interviews. Crude and adjusted Cox proportional hazard ratios of factors associated with time to diagnosis were calculated. Of 179 bacteriologically confirmed patients, 37% were women and median age was 41 (interquartile range [IQR], 26-62). Public hospitals were the most commonly visited health-care institution and repeated visits to them were common. The mean days to tuberculosis diagnosis were 50.3. Female patients (hazard ratio [HR], 1.29; 95% confidence interval [CI], 1.04-1.48) or patients who contacted a health-care provider 2 weeks after becoming symptomatic (HR, 1.59; 95% CI, 1.43-1.70) were significantly less likely to have a timely diagnosis. In a referral hospital in urban China, we found that female tuberculosis patients took significantly more time to reach diagnosis than males and patients often cycled in public hospitals for multiple visits before reaching final diagnosis. Health professionals at public hospitals in Nanjing should be encouraged to refer potential tuberculosis patients as soon as possible to avoid nosocomial transmission.
INTRODUCTION
Tuberculosis (TB) disease is largely preventable; however, approximately nine million individuals newly develop the disease globally every year. 1 Since 1994, global TB control has relied predominantly on identifying and treating new TB cases through patient self-referral to health institutions with able diagnostic and clinical resources. 2 Despite widespread application of these methods, approximately one out of three new TB cases remains undiagnosed and untreated. 3, 4 Consequently, these cases are concealed from national TB surveillance programs. Individuals with TB who remain undiagnosed for extended periods of time can develop adverse clinical outcomes, 5 carry increased individual monetary cost, 6 and contribute to persistent community transmission. 5, 7 Understanding setting-specific characteristics explaining delays in diagnosis and health institutional pathways that patients use can improve TB control.
Diagnostic and patient time delay surveys among TB patients have been implemented previously [8] [9] [10] and have found that many TB patients revisit the same, mostly informal, providers multiple times before reaching a health provider with the capability to diagnose TB. Individual-level factors that have been shown to influence delay in diagnosis include gender, education, poor TB knowledge, socioeconomic status, among others. 9, 10 China has a model TB control program that has performed far better than most high-burden countries, successfully achieving the set pri-mary targets of 70% case detection and 85% treatment completion. [11] [12] [13] However, China still has the second largest number of TB cases and the most multi-drug-resistant cases globally. 14 The persistent burden of TB in China could be partly explained by patient delays in receiving diagnosis and a loss of patient follow-up during diagnostic evaluation by the health system. For example, migrant workers constitute a large proportion of TB patients in some cities in China and they are often hard to trace during evaluation or after treatment is initiated. 15, 16 Additionally, public hospital settings have been criticized previously for inadequate TB treatment, leading to drug resistance. 13, 14 We aimed to investigate specific health-care-based locations that TB patients visit prior to diagnosis. We also examined the influence of gender, treatment status, or residence on the diagnostic delays in diagnosis among patients from a large, referral TB-specialized hospital in urban China.
METHODS

Study population.
We conducted a retrospective cohort study on TB patients in Nanjing Chest Hospital, a large referral hospital in southeastern China. Nanjing Chest Hospital is one of the six TB-referral hospitals in Nanjing. Nanjing is the capital of Jiangsu Province and has approximately eight million inhabitants. Although the city is heavily urbanized, a large influx of migrant workers consistently cycle in and out of the city. 17 patients sent to Nanjing Chest Hospital receive a physical and clinical examination, radiographical imaging, and a TB laboratory diagnostic evaluation. If a patient is positively diagnosed, they are given standard directly observed anti-TB treatment of 6 months. Eligibility criteria. In our study, participants were recruited consecutively and enrolled if they had bacteriologically confirmed pulmonary TB, 18 years or older, and initiated anti-TB treatment within 3 months of survey implementation. Participants were excluded if they were too ill to complete the questionnaire, failed to complete all survey questions, were smear and culture negative but radiologically diagnosed with TB, or did not have corresponding medical records at the time of survey completion. Patients with negative bacteriologic results but diagnosed with TB through chest X-rays infrequently have TB symptoms and for this reason were excluded. Delays in TB diagnosis (patient delay, diagnostic delay, and total delay) were measured when TB symptoms were first recognized by the patient.
Key definitions. When categorizing TB cases, we followed standardized definitions when available. 18 A new TB case was defined as a patient who had never taken anti-TB drugs for more than 1 month or who has never been treated for TB. Previously treated cases were defined as any patient who has taken anti-TB drugs for 1 month or more in the past. A previous diagnosis was collected through self-report and confirmed from patient medical records. A provider network was defined as any health-care institution that a patient communicated while seeking help for their TB symptoms. Total delay to diagnosis was defined as total time (in days) from onset of TB-related symptoms to final diagnosis. The total delay is constituted by two components: patient and diagnostic delay. Patient delay was defined as time (in days) from symptom onset of the TB case to seeking care in any informal or formal health system. Diagnostic delay was defined as the time from first attempting to seek care in the health system (formal or informal) to the time of final diagnosis of TB. Because we found patient delay within our study was minimal and patients reached the health-care system early after becoming symptomatic, our analysis concentrated on diagnostic delay. The diagnostic pathway of TB patients was defined as the sequence of health providers visited prior to being diagnosed; these providers included private clinics, public hospitals, private referral hospitals, or Nanjing Chest Hospital; an alternative provider included village health workers, drugs stores, or herbal healers. Only Nanjing Chest Hospital had the diagnostic capability to identify TB with microbiological confirmation.
Study exposures and outcome. The main study exposures were gender, TB treatment status, and whether a person resided in a rural or urban location. The main outcome of interest was total time to diagnosis or "total delay."
Data collection and quality assurance. We conducted face-to-face interviews using a pre-tested questionnaire administered by trained interviewers. The questionnaires were pre-tested in a pilot study on 16 TB patients to evaluate the survey for patient understanding and consistency of patient responses. Survey data were collected about patients' health experiences after becoming symptomatic with their current TB disease event. Institutions were collected to form a step-by-step process of the pathways a patient takes to reach an ultimate TB diagnosis. Survey interviewers used standard prompts on questions regarding institutional locations in which patients visited, previous TB history, smoking, comorbidities, and other important questionnaire criteria throughout the interview to improve recollection of each patients' specific diagnostic pathway. A TB knowledge score was evaluated on a five-point scale based on answers from five questions regarding characteristics and symptoms of TB disease. Each correctly answered question gave one point. After each consecutive day of recruitment, questionnaires were entered into Microsoft Excel (Microsoft Corp., Redmond, WA) on-site by a study coordinator (Leonardo Martinez). To ensure high-quality data, surveys were then independently entered by two field workers. On completion of the study, the three versions of data extraction were compared for discrepancies and differences were resolved by reviewing the original questionnaires for accuracy.
Statistical analysis. First, we performed descriptive analyses of sociodemographic characteristics of the study sample. The total time to diagnosis in days was calculated for each patient and then by each of our main exposures (gender, treatment status, and residence) and for several other relevant characteristics such as age, other comorbidities, marital status, employment, smoking status, and TB knowledge score. We used a semiparametric, Cox proportional hazard models [19] [20] [21] to investigate associations with increased total days to reach a TB diagnosis. In our analysis, we constructed "time-to-event" data corresponding to time for a TB patient to reach a confirmed diagnosis as has been seen elsewhere. 22, 23 In our analysis, a hazard less than 1 corresponded to the higher likelihood of a final TB diagnosis and a hazard greater than 1 signifies a higher total diagnostic delay. Because all TB patients in our sample reached a final diagnosis, there were no censoring events. The proportional hazards assumption was met and hazard ratios (HRs) from various models are presented. Cox models were calculated for the overall sample after which stratification among important characteristics and risk factors was performed. Wilcoxon rank sum tests were used to test for differences between groups. Statistical significance was assessed using 95% confidence intervals (CIs) in all models. We conducted all statistical analysis using Stata version 12.1 (Stata Corp., College Station, TX).
Ethical approval. This study was approved by University of Georgia Institutional Review Board (IRB ID, STUDY00000986) and the ethics committee of Jiangsu Provincial Center for Disease Control and Prevention. Written informed consent was obtained from all TB patients before study enrollment.
RESULTS
We recruited a total of 225 confirmed TB patients, of which 46 (20%) were solely diagnosed radiologically. Because patients diagnosed radiologically were asymptomatic, they were excluded from final analyses, leaving a total of 179 bacteriologically confirmed TB patients for analysis. Of enrolled participants, the median age was 44 years, 63% were male, 70% were married, and less than 30% were currently used. One-third of patients reported a history of smoking; however, only four subjects (2.2%) stated that they currently smoke. Over 80% of participants lived in urban or periurban areas, whereas 19% lived outside the city. In all, 154 patients (86%) were new cases, whereas 25 patients were retreatment cases ( Table 1 ). The mean total delay taken to diagnosis was 50.3 days (95% CI, 42.0-58.6) ( Figure 1 ; Table 2 ). When TB patients waited 2 weeks or more before contacting a health provider, their diagnosis took a longer time compared with patients that waited less than 2 weeks (79.1 versus 35.4 days) ( Table 2) .
A wide variety of locations were first visited by participants after becoming symptomatic (Figure 2 ). Thirty participants (16.8%) visited Nanjing Chest Hospital directly, 115 (64.2%) visited a surrounding general public hospital, 28 patients (15.6%) visited a drug store, and six patients (3.4%) visited a private clinic. Patient delay, the time before a TB patient reaches the health-care system and instead contacts their individual social network, including family and friends, was largely unreported by participants as avenues in which they sought assistance. This occurred even after interviewer prompting of TB patients. Compared with other institutions, patients that visited public hospitals were substantially more likely to have a repeat, follow-up visit at the same institution. In univariate analysis (Table 3) , spending more than 2 weeks before contacting a health provider was heavily associated with taking more total time to diagnosis (HR, 1.58; 95% CI, 1.42-1.69; P < 0.0001). Female sex and living in Nanjing were minimally associated with an increased amount of time before diagnosis but did not reach statistical significance. Patients with a TB knowledge score one or above were diagnosed in less time (P = 0.08), although this was not statistically significant. Other variables were not suggestively influential toward TB diagnosis. After adjustment of HRs for potential confounders, waiting 2 weeks or more before first reaching a health provider (HR, 1.59; 95% CI, 1.43-1.70; P < 0.0001) and female sex (HR, 1.29; 95% CI, 1.04-1.48; P = 0.03) remained associated with a longer overall time to TB diagnosis ( Table 3) . Having a high TB knowledge score was not significant (P = 0.12).
DISCUSSION
Currently, global TB control is largely reliant on two factors: individual patient behavior to report to health care after becoming symptomatic and the effectiveness of health systems to properly identify and diagnose patients once *A hazard is defined as a diagnosis of tuberculosis. Therefore a hazard ratio higher than 1 indicates a later diagnosis. A hazard ratio less than 1 signifies a faster diagnosis. †Measured in days from symptoms to diagnosis. ‡Smoker in this instance signifies ever smoker. §Evaluated based on answers from five questions regarding characteristics and symptoms of tuberculosis disease. Patients were classified into those that answered one or more questions correctly or no questions correctly. they reach their provider network. Understanding the pathways that TB patients use after becoming symptomatic and the amount of delay can generate insights for potential interventions to prevent TB transmission. Although a majority of the patients in the study chose a health-seeking pathway that included a public hospital, they still experience a large amount of total time delay to reach final diagnosis. This could be explained by the differences in the public health institutions and their approach to TB care. It was evident from our analysis that patients made repeated cycles through these public hospitals.
The mean total time to diagnosis of 50.3 days found in our study was high but is comparable to two recent systematic reviews. 9, 10 Conversely, a recent study done in Ugandan patients found nearly twice as many steps along the pathway to final TB diagnosis, with most of the steps constituted by visits to private clinics or social contacts. 22 This key difference may suggest that the structure of the help seeking pathways within the patients' provider and social networks vary by specific cultural context and setting. Although patient delay, through which TB patients reached out to their social network, did not occur in our Chinese study population, nearly two-thirds did contact family members, friends, or coworkers in Uganda. 22 Although the overall time delay may be relatively congruent to those found in other studies, our study highlights several unique and important features about TB diagnosis in China.
We found that women took significantly more total days to reach diagnosis than men. A systematic review of diagnostic delay studies from China found that gender affects patient delay only in rural areas and not in urban areas. 24 Our primary outcome was total time in days to diagnosis (total delay), a measurement not covered in this review. Reasons for delays in diagnosis and low notification among women are not completely understood, but is likely multifactorial and setting specific. A population-based study in Vietnam found more than three times higher case detection rate among men compared with women. 25 Stigma among women of TB has been one proposed source of these gender discrepancies. 9, 26, 27 In some settings, women with TB are more likely to conceal their disease, 28, 29 are at risk for social and community isolation, 28, 30 or are not screened for TB by health-care professionals despite having TB symptoms. 31 Causes for these gender differences, specifically in Nanjing, China, should be further investigated through qualitative studies.
In Nanjing, public hospitals are not designated to diagnose TB, but were the most commonly visited health-care institution by patients after first becoming aware of symptoms. Over one-third of participants in our study went to a public hospital on their first or second health-care seeking visit and many of them made multiple repeat visits before being classified as having presumptive TB and then referred to Nanjing Chest Hospital. Patient cycling in the health system while seeking TB diagnosis is common 8 and improvements in prompt referral from public hospitals may assist to reduce acquired drug resistance among TB patients. 14 Finally, while enrolling study participants, we found a high proportion (20% of all TB diagnosed patients) with negative culture and smear results diagnosed through physician inspected radiographical examinations. Radiographical examinations were also commonly used for TB diagnosis in a large national prevalence survey in China. 13 Compared with laboratory-based diagnostic methods, chest radiography has certain advantages including rapid results and low overall cost for detecting pulmonary abnormalities. 32 Despite these advantages, radiographical examination is not widely recommended when laboratory tests to diagnose pulmonary TB are available due to their low specificity. 33, 34 Scoring systems that combine radiographical examinations and individual patient clinical features, such as TB symptoms or a positive tuberculin skin test, have been inadequately explored, but may be a more accurate diagnostic technique. 33 Because of the large number of patients diagnosed through this method in our study, diagnostic accuracy studies of radiographical examinations for pulmonary TB in China should be implemented. Recent investigations in other settings have shown heterogeneous results. 32, 33, 35 There are some limitations to consider. First, much of our data were collected through participant recollection through face-to-face interview style questionnaires and therefore recall bias is possible. We attempted to deal with this limitation through multiple approaches. Interviewers were trained to consistently and carefully prompt participants about locations they visited before diagnosis throughout the survey interview. We also limited our eligibility criteria to include only patients who began anti-TB treatment within 3 months of survey implementation to limit memory lapses. Finally, we corroborated clinical information given by participants through inspection of medical records and, when inconsistent, followed up with participants. Second, Nanjing Chest Hospital is one of several referral hospitals in Nanjing and results may be distinct in other parts of the city. Third, locations that patients visited on becoming symptomatic were collected through participant self-reporting, which may be vulnerable to social desirability biases.
In conclusion, we found that TB patients who were women and those that delayed more than 2 weeks after becoming symptomatic took significantly more time before being diagnosed in a referral hospital in urban China. Public hospitals were the most commonly visited health-care institution and were often frequented several times before referral to a health-care facility with TB diagnostic capability.
